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Abstract 
The paper adopts the method of modularized modeling, creating an electro-mechanic simulation model for a Micro-
turbine Generation System (MTGS), including the micro-turbine engine, permanent magnetic synchronous generator, 
rectifier and inverter. In this paper, control strategy for grid-connected and islanding operations of a micro-turbine 
generation system is researched, the former adopts output voltage control strategy to maintain the output voltage of 
the load, and the latter adopts a dual closed-loop control algorithm based on PQ decoupling. A new control strategy to 
regulate the output power of MTGS based on the combination of decoupled control of output voltage and hysteresis 
current control is also introduced. Simulations have been done, and result proves the feasibility of the strategy. 
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1. Introduction 
With the continuous development of society and economy, distributed energy, which is paid more 
attention to, stands out for its advantage in efficiency, energy saving and environmental protection. 
Among them, micro-turbine (MT), as a typical representation, could generate constant power output and 
present unparallel advantages. Since micro-turbine is equipped with mutual technology, it could expect 
broader commercial applications [1].  
Generally, micro-turbine refers to gas turbines, with its power ranging from tens of kW to several 
hundred kW. In accordance with coaxial case of power turbine and generator, MT is divided into single-
 * Corresponding author. Tel.:+86-15921535386. 
E-mail address: 455199386@qq.com.. 
Open access under CC BY-NC-ND license.
© 2011 Published by Elsevier Ltd.       
Selection and/or peer-review under responsibility of University of Electronic 
Science and Technology of China (UESTC).
Open access under CC BY-NC-ND license.
Xian Guo and He Guo / Energy Procedia 12 (2011) 368 – 376 3692 Xian Guo et al. / Energy Procedia 00 (2011) 000–000 
shaft and split-shaft forms. To simplify the analysis, the paper mainly study single-shaft micro-turbine, 
which consists of gas turbine, generator, compressor, combustor and regenerator[2]. The alternating 
current in IP and IF is transformed to rated 380V/50 Hz AC power through power electronic devices, 
which could be used directly to supply the load, thus forming a typical micro-turbine generation system.  
A series of research have been made on modeling MTGS[3]-[6]. In reference [4], the paper establishes 
a typical mechatronic simulation model, to achieve coordination of control and design between systems. 
In [5], the mathematical models are made, based on the working theory of MTGS. However, the model is 
so complicated that it is hard to connect other networks, thus the control strategy is inconvenient to 
research on. In order to avoid such problems, ready-made modules for generators and power transition 
section in Matlab/Simulink are used, to build the model and make relevant researches on control strategy 
of grid-connected and islanding operations.  
2. Model Description 
2.1. Micro-turbine 
Micro-turbine discussed in the paper is the single-shaft heavy duty one. The control system is made up 
of speed control, temperature control and acceleration control, as shown in Figure.1. Among them, speed 
control allows the machine to maintain a certain speed under constant load, while temperature control 
could ensure appropriate turbine inlet temperature, in case that it affected turbine's safety and life of 
system. Besides, acceleration control is mainly used to start the unit. The overall simulation model is 
shown in Figure 2, with valuing the parameters by referring to [4]. 
Micro-turbine discussed in the paper is the single-shaft heavy duty one. The control system is made up 
of speed control, temperature control and acceleration control, as shown in Figure.1. Among them, speed 
control allows the machine to maintain a certain speed under constant load, while temperature control 
could ensure appropriate turbine inlet temperature, in case that it affected turbine's safety and life of 
system. Besides, acceleration control is mainly used to start the unit. The overall simulation model is 
shown in Fig 2, with valuing the parameters by referring to [4]. 
Fig. 1. Microturbine control system architecture 
2.2. Section of generator and power conversion 
In order to simplify the analysis, ready-made modules of SimPowerSystems are chosen to simulate the 
section. Module of permanent magnet synchronous generator (PMSG) can only be set at specific capacity, 
speed and output power, which makes experiment conditions limited. Therefore, common ac synchronous 
generator with constant excitation voltage is applied to replace PMSG. Rectifier is the ordinary three-
phase controlled module, while the inverter is triggered by PWM, by which output voltage and power can 
be controlled. 
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Fig. 2. Simulation model of Microturbine. 
3. Control Strategy for MTGS 
To achieve better performance, different control modules are active as operation mode changes. To 
satisfy the system’s demands, output voltage and frequency are regulated in islanding operation, while 
output power in grid-connected mode. The paper adopts V-f control strategy in the former situation and 
the PQ decoupling control of double closed-loop in the latter. 
3.1. Control strategy for islanding operation 
Considering the frequency of the inverter output voltage is 50Hz, the corresponding control is not 
required. Meanwhile, the voltage regulator transfers the variables from abc three-phase static coordinate 
system to dq0 rotating one, and PI regulator is used before it could generate the same output PWM 
waveform as the reference value. As a result, the export voltage could roughly maintain 220V[7].
Fig. 3. Block diagram of voltage control model 
3.2. Control strategy for grid-connected operation 
A.  The PQ decoupling control of double closed-loop. 
Circuit of current mode is adopted to achieve decoupling of PQ, which is based on dq0 rotating 
coordinate system. Phase-locked loop, PLL, is applied to obtain the required phase values. The voltage 
loop is mainly used to stabilize the DC voltage, whereas current loop to improve the dynamic and static 
performance of inverter side current [8].
Based on basic circuit theory, we can obtain 
Fig. 4. Grid-connected inverter and its control system model 
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Remark: The meanings of physical quantities are already represented in Fig. 6, and nω represents the 
rated generator angular speed.  
If it could keep pace with the grid voltage, the simplification 2 ( ) 0qV t =   is feasible. Then, 
ddm iVP 22=   ,  qdm iVQ 22−=                                                                                                                       (4) 
The reference value of current under dq0 axis could be gained, by putting the reference PQ value and 
network voltage measurements  together. 
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Considering the space vector expression is  
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The Current control of inverter block diagram is shown in Fig. 5. 
Fig. 5. Current control of inverter block diagram 
A second-order PI controller is used in the paper, thus it could perform better in enhancing stability and 
reducing steady-state error. With the optimal response is acquired, the inner current control is realized. 
The value of inverter side voltage in direct and quadrature axis is expressed as 
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qndrefdrefd LiVVV 22,1,1 ω−+′= , dnrefqrefq LiVV 2,1,1 ω+′=                                                                              (9)
According to equation (9), the output voltage in dq axis is obtained to regulate the output power of 
inverter, which is in 
abc formation and as the input of  PWM control pulses. Detailed block is described in fig 6. 
Fig. 6. Block diagram for P-Q control of inverter 
(B)New control strategy for Grid-connected Operation 
 By using instantaneous power, PQ decoupling control has a good response performance. However, 
pretty regulator errors exist and unsatisfactory results appear with common unbalanced load system. 
Therefore, the paper puts forward a new type of control strategy for grid-connected operation. 
As the rated voltage of load side of grid inverter remains unchanged, output power changes indirectly 
due to that of output current. Based on this, the output power of MTGS is controlled, through a 
combination of hysteresis-band current control and voltage control for grid-connected inverter . 
Similar principle to III.A is used in output voltage control, except that in which αβ  two-phase 
stationary coordinate system is adopted to replace dq0 axis, therefore better response can be expected 
under unbalanced load perturbation. 
The hysteresis-band current control is widely used in regulating  the output current of inverter. Its basic 
principles are as follows: after comparing the reference current value of  grid frequency with the feedback 
signal , the current bias control signal is obtained, making sure the output current of inverter is consistent 
with the reference. Double–form hysteresis current control is utilized in the paper, whose control block is 
described in Figure7[9].
Fig. 7.The control schematic of grid-connected inverter 
4. Simulation Results 
Based on Matlab/Simulink, the paper builds the corresponding model for MTGS and researches on 
small signal response performance, with PQ decoupling strategy and the new control strategy respectively. 
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The power response of grid-connected system has also been studied. 
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Fig. 8. Dynamic simulation results for MTGS 
4.1. Dynamic response of MTGS in islanding operation 
The simulation model for MTGS is consisted of ready-made modules in SimPowerSystems. Then 
convert the load from 120kW to 60kW at 0.4s, thus observe the output current of inverter Iabc, load 
voltage Uab, and rectifier dc voltage Udc. The simulation time is 1s, and the output waveforms are shown 
in Fig. 8.      
4.2. Simulation of grid-connected MTGS with PQ decoupling control strategy 
Based on the relevant double closed-loop theory in III, the PQ decoupling control module is added to 
replace the voltage control module, forming the model as Fig.9. The ac generator is rated with 
120kW/500Hz/600V, while the grid is expressed by three-phase ac voltage source. 
P-Q loop control subsystem is on the basis of PQ control block in Fig.6, with typical parameters from 
[3]. 
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Fig. 9. Simulation model for grid-connected MTGS with P-Q control 
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Fig. 10. Simulation results for grid-connected MTGS with P-Q control 
The base volume is 60kW. The reference of P steps from 0.7pu (42kW) to 0.5pu (30kW) at 1.35s, 
while Q from 0pu to 0.1pu (6kW) at the same time. The simulation time is 1.7s. The corresponding 
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response of U, I, P and Q in a phase are described in Fig. 10. 
Fig. 11. Block diagram for hysteresis-band current control 
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Fig. 12. Simulation results for MTGS with the new control strategy 
From the figures, the phase voltage Ua just maintains roughly the rated 220V, while Ia decreases at 
1.35s, because of the lessen output active power. At the same time, the total active power changes from 
42.45kW (0.7075pu) to 30.46kW (0.5075pu), whereas inactive power from 1.5kW (0.025pu) to 7.5kW 
(0.125kW), with a 2.5% error. Since the error is acceptable, the output power is considered to perform the 
same changes with the reference value. It’s obvious that P and Q are controlled respectively, ie, PQ 
decoupling control strategy is effective. 
4.3. Simulation of grid-connected MTGS with the new control strategy 
The new control strategy presented in III is adopted to regulate the output power of grid-connected 
MTGS. The grid is replaced by three-phase alternating voltage source. The structure of hysteresis-band 
current control is shown in Fig. 11. When the reference current per phase of the hysteresis-band control is 
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set at 149A, 74.5A, the output power P/Q could reach 60/34.64kVA from 30/17.32kVA at 1.35s, where 
the load impedance is 30°.(This is calculated by the specific module inside, and it will work by inputting 
the step of power references.)The simulation time is 1.7s. Figure 12 shows the waveforms of load voltage 
Uabc, the output current of the inverter Ia and the single-phase output power of the inverter Pa/Qa. 
The figure presents that the output current of inverter is definitely the same as the reference value, 
when the appropriate value is considered, namely, the original output power 60/35kVA reaches a new 
steady state, after going through a period of 0.02s transition, generating a power of 30/17.3kVA. In spite 
of the error is nearly zero, the load side voltage maintains 311V. The new control strategy is also verified 
to be feasible. 
5. Conclusion 
Based on the simulation model of MTGS, the paper researches on dynamic responses of  islanding 
system , as well as control strategy for grid-connected network. The conclusions are as follows: 
A. By describing the detailed MT control model, simulation system is established, including micro-
turbine, PMSM, rectifier and inverter. 
B. Based on the model in Matlab/Simulink, the output control strategy is applied to analyze the load 
fluctuations of islanding MTGS. The simulation results show that the load changes could be tracked 
quickly and inter-section influences exist as a whole.  
C. On the ground of PQ decoupling strategy, a combination of hysteresis-band current control and 
voltage control for grid-connected inverter is put forward for the first time. The simulation results verify 
the new strategy. And it does present a better performance with less error. 
In a word, MTGS is playing a more and more important role in civilian, industrial industry and national 
defense projects, which makes it a major kind of distribution sources. Therefore, simulation and response 
characteristics of steady and dynamic states of MTGS are necessary to research on, for it makes a big 
difference in guiding the production. 
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